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Abstract

Objective
GW9508, a free fatty acid receptor agonist acts in a G-coupled Protein Receptor 40 (GPR40)-dependent
pathway. Here, we investigated the induction of stress oxidative and autophagy by GW9508 in the human
colorectal cancer cell line (HT-29) and the crosstalk between autophagy and apoptotic in HT-29 cells.

Methods
HT-29 was treated with GW9508 at a concentrations range of 50–500 µM in fibrin gel. Cell viability was
investigated using an MTT assay. Induction of autophagy and apoptosis was assessed through Western
blotting for associated proteins, acridine orange staining, MDC staining, qRT-PCR, and electron
microscopy. Also, we estimated the molecular interactions between GW9805 and some markers through
molecular docking.

Results
GW9508 inhibited HT-29 cell proliferation, induced apoptosis, and resulted in autophagy. The induced
autophagy in cells was confirmed by the observation of autophagosomes, the presence of autophagy
markers, including beclin-1, LC3, AMPK, and lack expression of mTOR and AKT. Moreover, GW9508
treatment significantly increased the expression of catalase and Superoxide dismutase (SOD) in cells.

Discussion
Our results indicated that GW9508 could induce autophagy by inhibiting the Akt/mTOR in HT-29. Hence,
GW9508 is suggested as a novel anti-cancer reagent.

Introduction
Colorectal cancer is the third most frequent malignant disease and the fourth avoidable cause of death
(cancer-related) around the world[1]. Despite improvements in the control and treatment of some cancers,
controlling patients with colorectal cancer is very unpredictable. Therefore, it is necessary to improve new
agents for this banana cancer. Certainly, lifestyle and nutrition play a key role in preventing cancer[2, 3].
Based on a previous study, fatty acids can be considered as an anti-cancer agent by inducing cell death
in tumor cells[4, 5]. Currently, they are recognized as a therapeutic policy for colorectal cancer. For
example, Fauser et al. reported that butyrate could induce apoptosis in HT-29 cells and inhibited invasive
potential and proliferation of these cells. They found that sodium butyrate induced autophagy and
apoptosis in breast cancer cells and lymphoma[6]. Shahzad et al. showed that conjugated linoleic acid
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(CLA) as a free fatty acid prevented migration and proliferation of s SKOV-3 and A2780 cancer cell lines
by inducing stress and autophagy[7].
GW9508 is a selective agonist for FFA1/GPR40 and a free fatty acid mimic. FFA1/GPR40 receptor is a G
protein-coupled receptor, which can be stimulated by free fatty acids. GW9508 exhibited a selectivity of
higher than 500-fold for GPR40 than others and attracted a stable in vitro profile with great
bioavailability[8].
Several types of cell death pathways can occur in the cell, the most common of which is apoptosis. This
canonical cell death can be triggered by multiple external and internal stimuli such as stress, drugs, and
genetic factors. Another cell death pathway is autophagy, which is a lysosome-dependent pathway
changing the content of the cell. The formation of double-membrane vesicles is the most obvious feature
of autophagy in the cells associated with lysosomal degradation[9]. The autophagy process is a multistage path controlled by several Atg genes. PI3K and beclin 1 are necessary for the formation of primary
autophagosome and accumulation of LC3-II as a marker of autophagy[9]. The mechanism of autophagy
in cancer cells is not very clear and it has a dual application in tumor cells depending on conditions.
Previous studies demonstrated that stress causes cell death including apoptosis and autophagy and
leads to activation of AMPK and suppressor of mTOR[10, 11].
The present study aimed to determine whether GW9508 treatment induced oxidative stress and
autophagy in HT-29 cells.

Experimental Procedures
Cell culture
HT-29 cell lines were purchased from the Pastor Institute (Iran). The cells were cultured in Dulbecco’s
modified eagle medium (DMEM, Gibco, USA) supplemented with 10% fetal bovine serum (FBS, Gibco,
USA), and penicillin/streptomycin (100 U/mL, 100 μg/mL) at 37°C and 5% CO2 in an incubator (Sina,
Iran).
Fibrin gel preparation
To produce fibrin gel, 3 mg of fibrinogen (Sigma, USA) was gradually dissolved in 1 ml M199 medium
(Sigma, USA), supplemented with 15% FBS, and added to a 24-well plate. Then, 30 µl of thrombin (Sigma,
USA) with a concentration of 120 U/ml was added to each well. To form jelly texture, the plate was
incubated at 37°C for 2 h.
Electron microscopy
HT-29 cells cultured in fibrin gel were washed by PBS and fixed with 2.5% glutaraldehyde for 2h. The
samples were washed twice with PBS and dehydrated with ascending alcohol sequence (30, 50, 70, 80,
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90, and 100%). Each sample was dried and covered using gold powder and imaging was performed by an
electron microscope (SEM, LEO. 1455VP, Germany).
Cell viability
The colorectal adenocarcinoma HT-29 cells were cultured at 10×103 cells/well in a 96-well culture plate.
The cells were then treated with concentrations of 50, 100, 200, and 500 µg/ml of GW9508 for 1, 3, and 5
days. Then, MTT solution (3-(4, 5-dimethylthiazol- 2-yl)-2, 5-diphenyl tetrazolium bromide in DMEM) was
added to each well at a concentration of 0.5 mM, and the cells were incubated for 3 h at 37°C to form
MTT tetrazolium crystals. Next, the MTT solution was removed, the crystals were dissolved with Dimethyl
sulfoxide (DMSO) and their absorbance was measured at 570 nm by an ELISA reader (FAX STAT, USA).
Acridine orange/ethidium bromide (AO/EB) staining
HT-29 Cells were stained with acridine orange/ethidium bromide at a concentration of 100 µg/mL (1:1)
for 5 min and observed using a fluorescence microscope (Olympus, Japan). In AO/EB stained cells, the
live and apoptotic cells became green (510–530 nm) and red (650 nm) fluorescence, respectively. Briefly,
the cells were cultured at a concentration of 50×103 cells/well fibrin gel in a 24-well culture plate and
treated with IC50 concentration of GW9508 for 1 day. The cells were then washed by PBS and stained
with AO/EB. The untreated cells were considered as a control group.
Monodansylcadaverine (MDC) staining for autolysosomes
HT-29 cells were cultured at a concentration of 50×103 cells/well fibrin gel in a 24-well culture plate and
treated with IC50 concentration of GW9508 for 1 day. Then, the cells were stained with a 50 µM
concentration of MDC (Sigma, USA) for 45 min at 37°C. The cells were then rinsed with PBS three times
and observed using a fluorescence microscope (Olympus, Japan).
Real-time quantitative PCR
After treatments of HT-29 cells with IC50 concentration of GW9508 in a 6-well plate, RNA was extracted
using RNX (Sinaclon, Iran), of which 300 ng was used to synthesize cDNA (Sinaclon, Iran). Markers
mRNA level was measured by using RealQ Plus 2x Master Mix Green (ampliqon) and the sequence of the
primes are including BAX (F) GCTGGACATTGGACTTCCTC, BAX (R) ACCACTGTGACCTGCTCCA, BAD (F)
CGGAGGATGAGTGACGAGTT, BAD (R) CCACCAGGACTGGAAGACTC, BCL-2 (F)
GATGGGATCGTTGCCTTATGC, BCL-2 (R) CCTTGGCATGAGATGCAGGA, P53 (F)
GGAGGGGCGATAAATACC, P53 (R) AACTGTAACTCCTCAGGCAGGC, Beclin-1 (F)
ATGGAGGGGTCTAAGGCG, Beclin-1 (R) TGGGCTGTGGTAAGTAATG, Atg5 (F)
GGACCTTCTACACTGTCCATCC, Atg5 (R) TGTCATTCTGCAGTCCCATC, LC3 (F)
GATAATCAGACGGCGCTTGC, LC3 (R) ACTTCGGAGATGGGAGTGGA, GAPDH (F)
GCAAGAGCACAAGAGGAAGA, GAPDH (R) ACTGTGAGGAGGGGAGATTC. The cDNA was amplified in

Page 4/15

duplicate by qRT-PCR with the conditions: 95°C for 15 min, 40 cycles of (30 s at 95°C, 30 s at 48°C, and
30 s at 72°C) for 30 s, and 55°C for 30 s.
Western blotting
Protein isolation was carried out using RIPA lysis buffer. The protein concentration was measured by BCA
Protein Assay Kit (Beyotime). Then, 10 µg of each sample was loaded on SDS-polyacrylamide gel
electrophoresis and transferred to a nitrocellulose membrane. The samples were blocked with 5% BSA in
PBS containing 0.05% Tween-20. The membrane was incubated for 1.5 h at room temperature with anti
p-AKT (1:500, Abcam), anti AKT (1:500, Abcam), anti p-mTOR (1:500, Abcam), anti mTOR (1:500, Abcam),
anti AMPK (1:500, Abcam), anti P-AMPK (1:500, Abcam), and anti GAPDH (1:500, Abcam) followed by
binding with an anti-rabbit secondary antibody anti-rabbit IgG-HRP (1:1000, Abcam). Ultimately, the
bands were visualized by DAB solution (Sigma, Germany).
Superoxide dismutase activity assay
Superoxide dismutase (SOD) activity was assessed with a manual assay. The cell lysates from HT-29
cells in the treatment group (with IC50 concentration of GW9508) or control group (without treatment)
were prepared and subjected to the assay following the Kono method[12]. This method was performed by
measuring the inhibition of nitrotetrazolium reduction (NBT) in the presence of SOD at 560 nm. In this
method, superoxide anion is produced due to the spontaneous oxidation of hydroxylamine. The
combination of NBT with superoxide reacts to produce formazan red. The superoxide dismutase enzyme
in the sample reacts with superoxide and converts to hydrogen peroxide while preventing the formation of
red color.
Catalase activity assay
Cell lysates were prepared from HT-29 cells in the treatment group with IC50 concentration of GW9508 or
control group (without treatment) and subjected to the assay following the Koroluk method[13]. The
hydrogen peroxide per time was reduced owing to the activity of the enzyme catalase. Ammonium
molybdate formed a yellowish complex with hydrogen peroxide. In this method, the samples were
exposed to H2O2, and hydrogen was converted to water and oxygen by the enzyme in the sample.
Residual hydrogen peroxide eventually produced a color compound with ammonium molybdate. The
resulting color intensity was inversely related to the amount of enzyme activity.
Molecular docking
To predict the interaction of proteins involved in autophagy with GW9508, Molegro virtual docker (CLC Bio
company, Aarhus, Denmark) was used along with g Molegro Virtual viewer V2.5 software. The 3D
structures of proteins were recovered from the RCSB/PDB data bank and the 3D structure of ligand was
retrieved from the Zinc database. The energy of EFL1 was recorded from the final output. To provide the
proteins, we eliminated the metal ions, water molecules, solvent molecules, and fixed the side chain.
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Molecular docking was performed in Surflex-Dock Geom mode. The total scores were considered as a
firm interaction when the value was more than 5.
Statistical analysis
The experiments were carried out in triplicate and the data were displayed as mean ± standard deviation
(SD). The results were analyzed by one-way ANOVA. Also, P<0.05 was considered statistically significant.
The data were managed by SPSS version 16.0.

Results
SEM observations of fibrin gel
The SEM images of the fibrin scaffold are exhibited in Fig.1 It is observed that the scaffold produced a
uniform, regular porous, and fibrous gel with interconnectivity. Also, Fig.1b indicated photographs taken
from HT-29 cells in the fibrin gel after drying. The SEM photographs showed a suitable cell attachment
and perfect integrity between the cells and fibrin gel. These results demonstrated that the HT-29 were
entirely penetrated in the hydrogel and proliferated normally (Fig.1).
Inhibition of the cell viability by GW9508 in HT-29 cells
We investigated the effects of GW9508 treatment on HT-29 cell viability and proliferation by MTT assay.
GW9508 significantly reduced the viability in HT-29 cells in a dose- and time-dependent method. The
lowest concentration of GW9508 significantly reducing the viability was 50 µg/ml after 24 h (Fig. 2). At
the 100 and 200 µg/ml concentration of GW9508, the presence of viability relative to control cells
(untreated cells, 100%) was approximately 81.10% and 67.97% after 24 h, respectively. We also assessed
HT-29 cells for their change at concentrations between 50-500 µg/ml. No reduction was recognized in HT29 viability when the cells were treated whit concentrations of 50 and 100 µg/ml of GW9508. GW9508
decreased the viability of HT-29 cells at an IC50 of 500 µg/ml. Also, the results revealed that the cell
viability was time-dependent. Hence, the viability in the cells treated with IC50 concentration of GW9508
decreased to 51, 10.6, and 6.1% after 1, 3, and 5 days, respectively (Fig.2a, b).
Accumulation of autolysosomes
To investigate whether GW9508 can induce autophagy, we evaluated the formation of autolysosomes.
For this purpose, DMC staining was used to detect autolysosomes. The treated cells with an IC50
concentration of GW9508 exhibited a plentiful increase in the number of vacuoles (as fluorescent dots)
compared to control samples. This emphasized that GW9508 induced the formation of autolysosomes
(Fig 2c, d). Also, AO/EB emits orange fluorescence in vesicles and shiny green in the cytoplasm. GW9508
(500 µg/ml) increased the accumulation of acidic vesicular (orange dots in the cells) in HT-29 cells
compared to the control samples (no orange dots) (Fig1g, h).
GW9508 induced autophagy in HT-29 cells
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To further assess induction autophagy by GW9508 in HT-29 cells, the expression of LC3 was evaluated.
LC3 is an autophagosome-related element and is extensively applied as an autophagic marker. A
significant increase of LC3 was detected after exposing HT-29 cells to 500 µg/ml GW9508 for 24 and 48
h. We also investigated the expression of Beclin-1 and Atg5 as essential genes in autophagy and the
formation of the autophagosome. qRT-PCR data indicated that the cells treated by GW9508 significantly
increased expression of Beclin-1 and Atg5 in HT-29 cells compared to the control cells (Fig.2e). The
expression of these markers suggested that GW9508 induced autophagy in HT-29 cells. The levels of
expression increased in a time-dependent manner as the expression of genes in 48 h was mostly
significantly more than 24 h.
Western blotting analysis
To investigate the molecular mechanisms involved in cell cytotoxicity of WG9508 to the cells, we
analyzed the expression of autophagic‐related genes such as mTOR, AMPK, and AKT. As detected in
Figure 3, the P-AMPK protein was upregulated, and P-mTOR and P-AKT proteins were downregulated by
WG9508 treatment in cells. With the decrease in P-mTOR and P-AKT activation, the increase in autophagy
was more evident. These results are consistent with the other changes from the qRT-PCR.
Effects of WG9508 on the activity of antioxidative enzymes
We investigated whether WG9508 lead to an increase in the activity of antioxidative enzymes. The
activity of catalase and SOD were assessed to assess whether WG9508 changes the activity of
antioxidative enzymes. The activity of both enzymes (catalase and SOD) was significantly increased in
WG9508 treatment cells compared to the control cells (1.254 for SOD and .338 for catalase) (Fig. 4a).
The data indicated that WG9508 increased the antioxidative potential of HT-29 cells.
Molecular docking results
We estimated the molecular interactions between GW9805 and some important administrative proteins,
including mTOR, AMPK, AKT, catalase, and SOD through molecular docking. As exhibited in Fig. 3b and
4b. and Table 1, the proteins had moderate RMSD< 2 and a total score of > 5 representing possible
interactions within GW9805 and these proteins. GW9805 can induce autophagy and oxidative stress via
primary interaction with autophagic and redox proteins. Our results indicated that GW9805 can interact
with autophagic and redox proteins. Moreover, the results showed the hydrogen and steric bonds between
GW9805 and proteins.
Theoretically, GW9805 was bound to AMKP via the formation of steric and hydrogen bonds at Tyr198,
Ser199, Val202, Leu212, Glu168, and Asp166 (Fig. 3b). GW9805 was bound AKT via the formation of
steric and hydrogen bonds at Glu288, Ala230, HOH642, HOH795, HOH796, HOH726, Asn279, Glu278, and
Glu234 (Fig. 3b). GW9805 was bound to mTOR via the creation of steric and hydrogen bond at Gln85,
Arg2036, Met2024, Glu2025, His2028, HOH2304, and Glu2032 (Fig. 3b). GW9805 was bound to catalase
through the formation of steric and hydrogen bonds at Arg365, Leu366, His364, Pro368, Pro391, and
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His364 (Fig. 4b). Moreover, GW9805 was bound to SOD through the formation of steric and hydrogen
bonds at Val148, Val7, and Asn53 (Fig. 4b).

Discussion
The effects of WG9508, free fatty acids, and fiber diet, in arresting and managing cancer are not exactly
appreciated. Here, we indicate that WG9508 induced autophagy and enzymes involved in oxidative stress
in HT-29 cells in vitro in line with other studies.
To more confirm our conclusions, a western blot was performed determining proteins associated with
autophagy issues. Our findings for GW9508-treated HT-29 cells exhibited an increased expression of PAMPK and decreased P-mTOR and P-AKT proteins in treated cells, compared to the control cells. A
decrease of P-mTOR and P-AKT proteins in cancer cells has been correlated with repressed growth and
proliferation. We found that autophagy was induced in HT-29 based on high expression of Beclin-1, LC3,
and suppression of expression of mTOR.
AKT is the main signaling pathway essentially transmitting mitogen and growth factors. Besides, AKT
inhibits BAD protein via phosphorylation and represses induced apoptosis[10, 14].
To investigate whether autophagy or apoptosis was the main reason for cell death, we examined the
apoptotic and autophagic markers. Moreover, we assessed the effect of GW9508 on decided enzymes
included in cellular stress signaling. We concluded that WG9508 increased the level of catalase and SOD
in HT-29 cells. Similar to our results, autophagy associated with oxidative stress has been reported in
treatment in other studies[15–17]. Autophagy is a process caused by starvation, stress, and hypoxia,
which can also cause cell death [18]. Tang et al. for the first time reported that short-chain fatty acids
induce autophagy in colorectal cancer cells [19]. In the present study, we indicated that WG9508 has a
dose-dependent function and induced autophagy at high doses (500 µg/ml). We also registered
significant differences in the responses of the A549, HeLa, and HT-29 cells to WG9508 treatment. We also
revealed the inhibition of HT-29 cell proliferation and induction of autophagy at a much higher
concentration than others (not shown by the data).
Autophagy is an intricate process cross-talking with other pathways such as apoptosis. Autophagy may
cause inhibition of apoptosis and expedite apoptosis. It may also associate with apoptosis to induce cell
death[20]. BCL family members can be regarded as a double regulator for autophagy and apoptosis. The
BCL-2 protein play an anti-apoptotic factor. Bax is considered as a pro-apoptotic factor releasing
cytochrome C. Autophagy may be suppressed by interacting BCL-2 with beclin1/PI3K pathway. While in
stressful circumstances, BCL-2 is inhibited and the beclin 1/PI3K pathway is activated following
autophagy [15, 21].
However, the definite molecular mechanisms inducing apoptosis or autophagy remain unclear. Since
GW9508 treatment induces both apoptosis and autophagy, GW9508 would likely have its optimal effects
(most anti-tumorigenic) when paired with an autophagy inhibitor. Our results indicated that GW9508
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treatment induces both apoptosis and autophagy in HT-29 cells. Nevertheless, no animal models study
has been reported so far in this regard. Also, the reason for the possible variation in study outcomes is
not apparent. Thus, it is important to pay attention to the concentration of GW9508 as an anti-cancer
drug for treatment.
Also, free fatty acids induced autophagy associated with ROS production leading to activation of AMPK
and mTOR inhibition [22]. It was suggested that stress may involve in crosstalk with the AMPK/mTOR
signaling [23]. Hence, discovering the details of the cellular mechanism of action GW9508 can be helpful
for drug development.
GW9508 exhibits a tremendous affinity for the receptor GPR40. Though, it also stimulates GPR120 to a
secondary degree [8]. Therefore, GPR120 could be effective for cell viability appearing at higher
concentrations. Since GW9508 leads to cell death and inhibition of cell proliferation, more examinations
are demanded to receive responses. To explain mediating receptors, our results uncover a different
perspective in phases of clinical examinations regarding the potential advantage of GW9508 in
therapeutic approaches for cancer therapy.
Here, for the first time, we demonstrated that a high concentration of GW9508 as a small molecule plays
a significant role to induce autophagy associated with oxidative stress in colorectal cells in a dosedependent method. Also, the significant increase in apoptotic markers against GW9508 suggests the
possible inclusion of both apoptosis and autophagy processes. These results are in agreement with other
studies reporting directing autophagy as a therapeutic strategy in colorectal cancer.
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Table 1
Molecular interactions between GW9508 and human proteins.
Protein

PDB(ID)

RMSD(A˚)

Total
Score

Hydrogen and Steric bonds

AKT

4GV1

1.462

-172.444

Glu288, Ala230, HOH642, HOH795, HOH796,
HOH726, Asn279, Glu278, and Glu234

mTOR

4DRH

1.786

-144.775

Gln85, Arg2036, Met2024, Glu2025, His2028,
HOH2304, and Glu2032

AMPK

3AQV

0.825

-145.817

Tyr198, Ser199, Val202, Leu212, Glu168, and
Asp166

SOD

3H2

1.255

-54.170

Val148, Val7, and Asn53

Catalase

1DGB

0.578

-230.729

Arg365, Leu366, His364, Pro368, Pro391, and
His364

Figures

Figure 1
a SEM photographs as a 3D open porous and interconnected porosity and b HT-29 cells attached and
spread in the fibrin gel. c The phase-contrast images of HT-29 cultured at control group in fibrin after 24h
and d The phase-contrast images of HT-29 in treated group with IC50 concentration of GW9508.
magnification 20X. e Giemsa staining of HT-29 cultured at control group in fibrin after 24h. f Giemsa
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staining of treated group with IC50 concentration of GW9508. g AO/EtBr staining: control HT-29 cells
exhibiting green normal nuclei. h AO/EtBr staining: GW9508 treated HT-29 cells exhibiting apoptotic cells
with condensed orange nuclei.

Figure 2
The viability of HT-29 treated with various concentrations of GW9508. MTT assay was used to evaluate
the cell viability. a HT-29 cells were treated with 50, 100, 200, and 500 µg/ml of GW9508 for 1, 2, and 3
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days and untreated cells considered as a control sample. *P < 0.05, **P < 0.01, and ***P < 0.001. b MDC
staining of HT-29 cells in control group. c MDC staining of HT-29 cells treated with IC50 concentration of
GW9508. d qRT-PCR analyses of autophagic-related genes; LC3, Beclin-1, and Atg5 for HT29 cells when
treated with GW9508 (IC50) for 1 and 2 days. The expressions of the markers were normalized to GAPDH.
All results were shown as mean ± SD. *P < 0.05, **P < 0.01, and ***P < 0.001.

Figure 3
a The western blot considering the protein expressions of autophagic‐related genes including mTOR,
AMPK, and AKT in HT-29 cells treated with the IC50 concentration of GW9508 for 24 h. b Protein
expression was quantified using Image J software (Relative intensity percentage). c Molecular docking
studies and interaction between GW9508 (green) and mTOR, AMPK, and AKT proteins. Red and blue
dashed lines represent steric and hydrogen bonds, respectively.
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Figure 4
a GW9508 increased the antioxidative capacity of HT-29 cells. The activity of catalase and SOD in HT-29
cells was significantly increased by 500 µg/ml of GW9508 compared to the control. b Molecular docking
studies, and interaction between GW9508 (green) and catalase and SOD proteins. Red and blue dashed
lines represent steric and hydrogen bonds, respectively.
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